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Crystal structures of the restriction endonuclease NotI in free and DNA bound forms, presented in this issue
of Structure (Lambert et al., 2008), provide a unique insight into the structural details of 8 base pair sequence
recognition by the restriction enzyme.
Restriction enzymes recognize 4–8 base
pair (bp) DNA sequences and cut at their
target site with exquisite specificity. While
most restriction enzymes are indispens-
able tools in gene cloning and recombi-
nant DNA technology, 7 and 8 nucleotide
(nt) cutters are often used in genome
mapping. These enzymes have infrequent
cut sites in the target DNA molecule and
therefore generate large genomic frag-
ments upon cleavage. However, few of
these enzymes are available and further
widening of the arsenal of rare DNA cut-
ters, e.g., by protein engineering, would
be highly desirable.
Most of our knowledge on the mecha-
nisms of DNA recognition by restriction
enzymes comes from the crystal struc-
tures of their DNA complexes. As of
March 18, 2008, the PDB database con-
tains structural information on 21 restric-
tion enzyme-DNA complexes, including
two 4 nt cutters, twelve 6 nt cutters, and
a number of restriction endonucleases in
complex with the pseudopalindromic or
asymmetric DNA sequences. Structural
analyses have allowed deciphering mech-
anisms for the 4–6 bp sequence recogni-
tion by restriction endonucleases. How-
ever, until recently, molecular details for
long nucleotide target recognition by the
rare cutting restriction enzymes remained
a puzzle. The crystal structure of NotI re-
striction enzyme in complex with the 50-
GCGGCCGC-30 sequence presented in
this issue of Structure provides a long
awaited solution (Lambert et al., 2008).
The NotI structure in the free and DNA-
bound forms demonstrates once more
that, despite the common function, each
restriction enzyme structure is unlike the
others. Indeed, some of them, like BfiI
(Grazulis et al., 2005), differ in the overall
fold, while others contain structural inser-
tions or extra domains that decorate the
conserved structural core. For example,
an accessory substructure topologically
similar to the ‘‘saposin’’ domain of the bac-
terial protein NK-lysin is tethered to the
catalytic core of HincII (Horton et al.,
2002). NotI is a dimer, as commonly ob-
served for orthodox restriction enzymes,
which interacts with palindromic recogni-
tion sites. Each subunit shows a typical
restriction endonuclease-like fold, con-
sisting of a central five-stranded b sheet
flanked by two a helices. The conserved
core harbors the canonical PD.(D/E)xK-
like catalytic motif. The first D residue is in-
variant in the active sites of all structurally
characterized restriction enzymes, while
the second acidic residue and lysine are
less conserved (Pingoud et al., 2005). In-
deed, in the NotI active site there is a gluta-
mine residue instead of lysine, similar to
BglII and BstYI (Lukacs et al., 2000; Town-
son et al., 2005). In this respect, NotI does
not differ much from the standard Type II
restriction enzyme. What makes NotI
unique is the N-terminal metal-binding
subdomain, occupied by an iron atom co-
ordinated within a tetrahedral Cys4 motif
(Figure 1A). This metal-binding domain of
NotI, attached to the catalytic core charac-
teristic for most of restriction enzymes, ex-
hibits a novel fold and appears to be play-
ing a structural rather than catalytic role.
The NotI enzyme approaches DNA from
the major groove side and recognizes its
8 bp target sequence by making an exten-
sive network of direct and water-mediated
interactions to individual nucleotide ba-
ses. Most of the residues involved in DNA
sequence recognition are located within
or close to the conserved nuclease core
and are tightly coupled with the active
site residues. Other regions of the protein,
including residues from a surface loop
within the N-terminal iron-binding domain,
also contribute to the DNA binding. In this
respect, NotI is similar to a typical Type IIP
restriction enzyme, which interacts with
the palindromic nucleotide sequence. In-
terestingly, while contacts between NotI
and the donor-acceptor atoms of the cen-
tral six base pairs 50-CGGCCG-30 are fully
saturated, those between the protein and
the external GC base pair are limited to
the single hydrogen bond between the
His189 side chain and exocyclic carbonyl
oxygen of the guanine. No contacts are
made to the neighboring cytosine residue.
Figure 1. Structures and Strategies of NotI and SdaI
(A) Different structural architecture of the rare cutters NotI and SdaI. Recognition sequences are depicted
below the structures and ‘‘/’’ designates the cleavage site.
(B) Different strategies of the sequence recognition employed by NotI and SdaI. Scissile DNA phosphates
are shown as green circles.Structure 16, April 2008 ª2008 Elsevier Ltd All rights reserved 497
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tion of this His residue relaxes NotI speci-
ficity from 8 bp to 6 bp.
The only other available crystal structure
of a rare cutting restriction enzyme is that
of the SdaI restriction enzyme solved in
the DNA-free form (Tamulaitiene et al.,
2006). SdaI is specific for the 8 bp se-
quence 50-CCTGCA/GG-30 and cuts it as
designated by ‘‘/.’’ SdaI is composed of
two domains: the N-terminal DNA-binding
domain and the C-terminal nuclease do-
main (Figure 1A). The nuclease domain
has a typical PD.(D/E)xK restriction en-
donuclease fold; it has no loops or other
structural elaborations that might be in-
volved in the DNA sequence recognition.
To interact with the 8 bp sequence, SdaI
uses a wHTH DNA binding motif located
in the N-terminal domain (Figure 1B).
Thus, SdaI employs two separate modules
for catalysis and DNA sequence recogni-
tion. This is in a sharp contrast to the NotI
restriction enzyme, which combines inser-
tionsandmetalbindingdomain intoacom-
pact single subunit which performs both
catalysis and sequence recognition. Inter-
estingly, the catalytic cores of SdaI and
NotI are similar (Figure 1A): six b strands
of the central b sheets, including the con-
served active site aspartate and glutamate
residues, overlap between the NotI mono-
mer and SdaI nucleolytic domain. Thus, it
seems that two rare cutters, which share
catalytic cores, use separate strategies
to interact with their 8 bp target sitesExit Biology: Battle
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into protein, is performed by ribosomes.
In bacteria, translation is initiated by for-
498 Structure 16, April 2008 ª2008 Elsevier(Figure 1B). The structural divergence be-
tween NotI and SdaI may be related to dif-
ferences in the cleavage patterns. Indeed,
while NotI produces 4 nt 50-overhangs,
SdaI yields 4 nt 30-staggered ends upon
cleavage. Moreover, NotI approaches
DNA from the major groove side, while
the SdaI catalytic domain presumably in-
teracts with phosphate residues in the mi-
nor groove (Tamulaitiene et al., 2006).
Thus, the requirement for the active sites
of NotI and SdaI to face different phos-
phates within the 8 bp recognition site
may impose constraints on the overall
structural arrangement of the rare cutters.
It became an axiom in the field that re-
striction endonucleases, except for a few
closely related isoschizomers, display
little, if any, sequence similarity (Pingoud
et al., 2005). In contrast to the current
view, we showed that the 8 bp specific re-
striction endonuclease SdaI (50-CCTGCA/
GG-30) and BsuBI/PstI restriction en-
zymes, which recognize central 6 bp of the
SdaI target (50-CTGCA/G-30) and cut DNA
at the same position, demonstrate signifi-
cant sequence similarities (30% identi-
cal, 50% similar amino acid residues;
Tamulaitiene et al., 2006). While the de-
tailed interactions of SdaI with its target
site have yet to be fully established, se-
quence comparisons combined with the
apo-structure suggest that 6 bp cutters
BsuBI/PstI share the same domain archi-
tecture characteristic for the SdaI. The
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mation of an initiation complex in which
a special initiator tRNA charged with for-
mylated methionine (fMet) binds to the
Ltd All rights reservedextends this observation by presenting
evidence of the evolutionary relationships
between the 8 bp cutter NotI (50-GC/
GGCCGC-30) and the 6 bp cutter EagI,
which recognizes the overlapping 6 bp
sequence 50-C/GGCCG-30. Interestingly,
a BLAST search indicates that the N-ter-
minal metal binding domain is present in
the EagI restriction enzyme and a group
of uncharacterized proteins suggesting
that these proteins may share the strategy
for DNA recognition characteristic of NotI.
Determination of the structure of the 6 bp
cutter evolutionarily related to SdaI or NotI
would provide a direct answer to the
above question.
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e of the actions on the ribosome
n of the binding site of peptide de-
mRNA start codon. The formyl group is a
protective group that prevents unwanted
side reactions at the N-terminal end of
